Background:-Cisplatin nephrotoxicity can present in a number of ways, the most serious is acute kidney injury which occurs in 20-30% of patients. Other presentations include hypomagnesemia, distal renal tubular acidosis, hypocalcemia, renal salt wasting, renal concentrating defect, hyperuricemia, transient proteinuria, erythropoietin deficiency, thrombotic microangiopathy and chronic renal failure. Objective:-To determine the incidence and risk factors for nephrotoxicity induced by cisplatin. Methods:-Patients" files were retrospectively reviewed for demographic and clinical variables. Creatinine clearance was calculated using Cockcroft-Gault formula. Nephrotoxicity was defined as increase in creatinine level more than 1.5 times of baseline or decrease in creatinine clearance level more than 25% of baseline. Results:-A total of 415 patients were recruited, with range of age 16-86 years. 211 patients were males while 204 patients were females. There were 32 hypertensive patients, 49 diabetic patients and 108 smoker patients. 58.3 % of patients had metastaic disease. The most frequent tumors were gastro intestinal, lung and breast cancers. 85 of the 415 patients (20.5%) developed nephrotoxicity. Risk factors include age more than 60 years, diabetes mellitus, hypertension, cumulative dose > 450mg/m2, anemia, combination chemotherapy regimens, and number of cycles more than 8 cycles, while gender, body mass index and smoking were not considered a significant risk factors for nephrotoxicity. Conclusion:-Patients with risk factors for nephrotoxicity should be closely monitored, adequately hydrated, supplemented sufficiently with magnesium with avoidance of other nephrotoxic agents
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Int. J. Adv. Res. 4(11), 66-73 67 the most serious and common presentation is acute kidney injury (AKI) which occurs in 20-30% of patients. Other presentations include hypomagnesemia, Fanconi-like syndrome, distal renal tubular acidosis, hypocalcemia, renal salt wasting renal concentrating defect, hyperuricemia, transient proteinuria, erythropoietin deficiency, thrombotic microangiopathy and chronic renal failure. (3) Cisplatin enters renal epithelial cells via the organic cation transporter (OCT2) and, to a lesser extent, Copper Transporter 1 (Ctr1) causing damage to nuclear and mitochondrial DNA and producing reactive oxygen species (ROS) which markedly increases the production of tumor necrosis factor-α (TNF-α) via phosphorylation of p38 mitogen-activated protein kinase (MAPK), leading to activation of both mitochondrial and non-mitochondrial pathways of apoptosis and necrosis of renal tubules. (4) A decrease of 20% to 40% in glomerular filtration can be observed 10 days after intravenous infusion, followed by increased levels of creatinine and blood urea nitrogen, hypokalemia and hypomagnesemia (particularly after repeated doses of cisplatin). The urine output is usually preserved (non-oliguric) and the urine may contain glucose and small amounts of protein indicative of proximal tubular dysfunction. (5) Glomerular filtration rate (GFR) is the most sensitive indicator of early cisplatin induced nephrotoxicity. It is a calculation that determines how well the blood is filtered by the kidneys, which is one way to measure remaining kidney function and also used to find the stage of chronic kidney disease. GFR is usually calculated using mathematical formulas that compare a person's weight, age, sex, and race to serum creatinine levels as Cockroft Gault, Jelliffe and Modification of Diet in Renal Disease (MDRD) formulas. GFR under 60 mL/min/1.73 m² may mean kidney disease. It may not be a good measure of kidney health in some people, such as the very young or very old, amputees, or obese people. (6, 7) Recovery of renal function usually occurs over a period of 2-4 weeks. Progressive and permanent nephrotoxicity occurs more frequently with successive treatment courses and with increase in the cumulative dose of cisplatin. (8, 9) In order to prevent and reduce patient risk of nephrotoxicity, screening for renal abnormalities, performing specific hydration procedures, osmotic diuresis, magnesium supplementations prior to drug administration, slower dose rate and modifying drug dosage (through decreasing, delaying or dividing it). Several dosing schedules exist and depend on aim of treatment whether curative or palliative, tumor type, stage, response, and concomitant therapy (10) .
Experimental strategies to reduce the risk of nephrotoxicity include reduced renal cisplatin accumulation or activation through administration of organic cation transporter (OCT2) inhibitors e.g., cimetidine or metformin, Ctr1 inhibitors, e.g., copper, liposomal cisplatin, Gamma-glutamyl transpeptidase inhibitors, Glutathione transferase inhibitors, or the use of antioxidant as Amifostine, N-acetyl cysteine, selenium or vitamin E. There are currently no unified recommendations for the treatment of nephrotoxicity. (11, 12) Aim of the work:-This work aims to determine factors that increase risk of nephrotoxicity for patients treated with cisplatin either alone or in combination.
Patients and Methods:-
All patients" files who received cisplatin chemotherapy between January 2004 and January 2014 at Alexandria Main University Hospital were retrospectively reviewed.
Inclusion criteria: All age groups, all types of malignant tumors, at all stages, received more than two cycles of cisplatin, base line creatinine clearance more than 60 ml/min, received either cisplatin alone or with combination . Nephrotoxicity was defined as an increase in serum creatinine level more than 1.5 times of baseline or decrease in creatinine clearance more than 25% of baseline.
Statistical analysis of the data:-Data were fed to the computer using IBM SPSS software package version 20.0.
Qualitative data were described using number and percent. Comparison between different groups regarding categorical variables was tested using Chi-square test.
Chi-Square test:-It tests the association between qualitative nominal variables; it is performed mainly on frequencies. It determines whether the observed frequencies differ significantly from expected frequencies.
Where E = expected frequency O = observed frequency
Multi variant analysis:-
Multivariate analysis (MVA) is based on the statistical principle of multivariate statistics wad done to determine the most significant risk factors which affected on the dependent variables.
Results:-
In this retrospective study, the medical files of 415 patients treated with cisplatin at Alexandria Main University Hospital were recruited from January 2004 to January 2014.The age ranged 16-86 years with a mean age 48 years.
The creatinine level at the baseline ranged from 0.4 to 1.2 with a mean value of 0.822±0.406 and the creatinine clearance ranged from 62 to 153 with a mean value of 107.3± 45.3. Patient characteristics are summarized in table 1. 53/211 of male patients (25.1%) had nephrotoxicity (decreased creatinine clearance more or equal than 25% of baseline creatinine clearance) compared to 32/204 of female patients (15.7%) had nephrotoxicity. The difference wasn"t statistically significant (P= 0.17).
Regarding age, 4/94 patients (4.25%) who were aged less than 40 years developed nephrotoxicity during cisplatin treatment compared to 22/228 patients (9.6%) who are aged 40 -60 years and 59/93 patients (63.4%) who are aged >60 years, the differences were statistically significant (P=0.001). (Table 2 ) For body mass index (BMI) < 25, 26.9% patients developed nephrotoxicity compared to 18% patients for BMI between 25 -29.9 and 26% patients for BMI ≥ 30, the difference wasn"t statistically significant (P= 0.18). (Table 2) 37/49 of diabetic patients (75.5%) had nephrotoxicity compared to 48/366 of non diabetic patients (13.1%) developed nephrotoxicity. The difference was statistically significant (P=0.0001). (Table 2) 20/32 of hypertensive patients (62.5%) developed nephrotoxicity compared to 65/383 of non hypertensive patients (17%) showed nephrotoxicity, the difference was statistically significant (P= 0.0001). (Table 2) 20/108 of smoker patients (21.3%) developed nephrotoxicity compared to 62/307 non smoker patients (20.2%) showed nephrotoxicity, the difference wasn"t statistically significant (P=0.083). (Table 2) 63/124 of anemic patients (50.7%) developed nephrotoxicity compared to 17/291 non anemic patients (5.9%) had nephrotoxcicity, the difference was statistically significant (P=0.0001). (Table 2) Regarding the cumulative dose of cisplatin, non of patients received cumulative dose <300 mg/m2 (0/124) developed nephrotoxicity, 8/85 patients (9.4%) received dose 300 -450 mg/m2 had nephrotoxicity, 25/69 patients (36.2%) received dose >450 -600 mg/m2 showed nephrotoxicity and 52/137 patients (37.9%) received dose > 600mg/m2 developed nephrotoxicity, these differences were statistically significant (P= 0.007) (P= 0.006). (Table 2) Concerning the number of cycles, no patients (0/70) received 4 cycles developed nephrotoxicity (0%), 11/120 patients (9.2%) who received 6 cycles had nephrotoxicity (increase serum creatinine 1.5 -2.9 times normal), 18/88 of patients (20.5%) received 8 cycles showed nephrotoxicity (increase serum creatinine 1.5 -2.9 times normal), 38/112 of patients (33.9%) received 10 cycles developed nephrtoxicity (increase serum creatinine 1.5 -2.9 times normal) compared to 18/25 patients (72%) received 12 cycles had nephrotoxicity ( 12 patients increase serum creatinine 1.5 -2.9 times normal and 6 patients increase serum creatinine 3 times normal ). These differences were statistically significant (P= 0.01). (Table 2) 83/323 of patients (25.7%) received combination chemotherapy developed nephrotoxicity compared to 2/92 of patients (2.2%) received single agent cisplatin. The difference was statistically significant (P= 0.0003). (Table 2) 63/98 of patients (64.3%) who received previous chemotherapy developed nephrotoxicity compared to 22/317 of patients (6.9%) who didn"t receive previous chemotherapy, the difference was statistically significant (P=0.0001 ). (Table 2) Mutivariate analysis showed that diabetic, hypertensive patients aged > 60 years, who developed anemia during combination chemotherapy, or previously treated with chemotherapy, and with cumulative dose more than 450mg /m2 or more than 8 cycles were at the highest risk for nephrotoxicity. The early stage of renal disorder generally does not cause symptoms. Functional impairment is only detected when creatinine clearence is less than 60 ml/min. In this condition, renal impairment is more difficult to treat. Approximately 90% of renal function might be lost before clinical symptoms appear. Therefore, monitoring renal function (serum creatinine, creatinine clearance) is necessary to detect early renal impairment.
In this study, the incidence of nephrotoxicity due to cisplatin chemotherapy was 20.5% (85/415 patients). Risk factors for nephrotoxicity include age > 60 years, diabetes, hypertension, anemia, cumulative dose of cisplatin more than 450 mg/m and ≥ 8 cycles of cisplatin. These results differ in comparison with other studies" results due to variation of the definition of nephrotoxicity from one study to another, variable cisplatin doses, and patient populations that differed by comorbidity and underlying malignancy (13) .
Marceau et al (14) , in their study of 118 patients treated with cisplatin therapy reported that 36.4% of patients developed nephrotoxicity, while Tiseo et al (15) , reported a lower nephrotoxicity with cisplatin with only 5 out of 107 patients (4.7%) developed nephrotoxicity. Ries et al (16) mentioned that a cisplatin dose from 50 -75 mg/m2 is associated with reversible renal failure while a dose of 100mg/m2 is associated with renal failure with tubular necrosis.
Prasaja et al (17) published a trial in 2014 evaluating the incidence of cisplatin-induced nephrotoxicity and associated factors among cancer patients in Indonesia. Nephrotoxicity was defined as a decline of creatinine clearance to less than 60 ml/min using the Cockroft-Gault (CG) equation. 88 patients were included; nephrotoxicity occurred in 30 subjects (34.1%) after four cycles and occurred in 29 subjects (51.8%) after six cycles of cisplatin chemotherapy. Paired T-test showed a significant difference between creatinine clearance before and after 4 cycles of cisplatin (n=88, P< 0.05).
51% of patients (17/33) aged equal or more than 50 years developed nephrotoxicity while 23.6% of patients (13/55) aged less than 50 years developed nephrotoxicity the difference was statistically significant (P= 0.008). 35.3% of female patients (18/51) had nephrotoxicity compared to 32.4% of male patients (12/37) developed nephrotoxicity, the difference was not statistically significant (P=0.78). 20% of diabetic patients (1/5) developed decreased creatinine clearance below 60 ml/min compared to 34.9% of non diabetic patients (29/83) without statistically significant difference (P=0.567). 52% of hypertensive patients (13/25) developed decreased creatinine clearance below60 ml/min compared to 27% of non hypertensive patients (17/63), the difference was statistically significant (P= 0.026). 34.5% of patients received combination chemotherapy developed decreased creatinine clearance below 60 ml/min.
Hyung et al (18) retrospectively examined 552 patients who were diagnosed with gastric cancer, and received cisplatin combination chemotherapy between January 2002 and December 2008 at the Kosin University Gospel Hospital. Serum creatinine level of 1.5 mg/dL or more was used as the threshold for nephrotoxicity. 41/552 patients (7.43%) developed nephrotoxicity induced by cisplatin combination chemotherapy, these results probably underestimated the incidence of nephrotoxicity. In 41 patients, the average age was 58.36 years; the averages of the pre-nephrotoxic serum creatinine (SCR) and GFR were 1.21 mg/dL ± 0.20 mg/dL and 66.29 mg/mdL ± 12.74 mL/min, respectively. Thus, their renal status prior to acute renal failure was already stage 2 according to the clinical guidelines published by the Working Group of the National Kidney Foundation (NKF). The most common cumulative dose of cisplatin at which nephrotoxicity occurred was 200-300 mg, while the second most common cumulative dose was 300-400 mg, and these were correlated with the greatest number of cycles and the dose of cisplatin per cycle.
Also, the results show that the patients who experienced a SCR > 1.75 mg/dL after receiving cisplatin combination chemotherapy had a greater risk of chronic renal failure than did patients with a SCR < 1.75 mg/dL. Secondly, in subsequent chemotherapy regimens in patients who experienced SCR > 1.5 mg/dL, the patients who continued cisplatin combination chemotherapy had a greater tendency to experience severe chronic renal disease.
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Therefore, these results suggest that when a patient experiences a SCR > 1.5 mg/dL after receiving cisplatin combination chemotherapy, the chemotherapy should be stopped, reduced, or the regimen should be changed, and when a patient experiences a SCR > 1.75 mg/dL after receiving cisplatin combination chemotherapy, the chemotherapy should be stopped or changed.
Older age and hypoalbuminemia are significantly associated with increased risk of cisplatin nephrotoxicity in most of the trials which was explained to be due to reduced number and volume of renal tubules, as well as increased synthesis of reactive oxygen compounds and inflammation in the ageing kidney. Also geriatric patients tend to have chronic kidney disease despite having no comorbidities. A high peak plasma concentration of free platinum is also associated with increased risk of nephrotoxicity. Low serum albumin concentration has also been reported as a significant risk factor for cisplatin-induced nephrotoxicity. Reduction in plasma albumin concentration might be associated with elevated free platinum concentration, leading to enhanced renal toxicity. (19) Hypertension and diabetes mellitus increase the risk of nephrotoxicity significantly. The site of renal damage caused by cisplatin is different from that caused by hypertension and diabetes mellitus. Hypertension and diabetes mellitus destruct renal glomerulus while cisplatin causes destruction mainly in the renal proximal tubule. However, hypertension can cause ischemic glomerulosclerosis, which further stimulates interstitial fibrosis and tubular atrophy, the main target of cisplatin nephrotoxicity. (20, 21) Various urinary markers for early detection of AKI have been identified such as neutrophil gelatinase-associated lipocalin, urinary cystatin-c, N-acetyl-β-glucosaminidase (NAG), microalbuminuria, α 1 -microglobulin (α 1 M), Retinol binding protein (RBP), interleukin-18 and the kidney injury molecule-1. These biomarkers start to elevate soon in AKI (1-3 days before the increase in SCr), and do exhibit a great sensitivity and specificity in AKI diagnosis. (22, 23) Despite the recent physiopathological advances in the understanding of the mechanism of cisplatin nephrotoxicity, prevention still relies on decreases in drug dosage, hydration measures 1 -2 liters before and after treatment, 20 meq potassium chloride, 2 gm magnesium sulphate and active screening for renal abnormalities. Mannitol is frequently used to induce diuresis, although there is no evidence that this is required. The addition of furosemide is generally not required, unless there is evidence of fluid overload. It is also recommend not using cisplatin in most patients with underlying renal disease; possible exceptions are situations in which cisplatin has a proven curative role, such as patients with testicular cancer. Also, co administration of other potentially nephrotoxic agents, such as aminoglycosides, non steroidal anti inflammatory agents, or iodinated contrast media should be avoided.
In conclusion, patients with risk factors for nephrotoxicity should be closely monitored during treatment, adequately hydrated, supplemented sufficiently with magnesium, use of platinum analogue if possible with avoidance of other nephrotoxic agents. Also, renal function should be evaluated using the GFR and should not use serum creatinine concentration as the sole mean for assessing the level of kidney function.
